COMPOSITE INTEGRATED CIRCUIT DEVICE 



CROSS REFERENCE TO RELATED APPLICATIONS 
This application is based on and incorporates herein by 
reference Japanese Patent Application No. 2002-223639 filed on 
July 31, 2002. 

FIELD OF THE INVENTION 
The present invention relates to a composite integrated 
circuit (IC) device that is molded with a mold resin, including 
a lead frame and a substrate attached on a seat member of the 
lead frame. Here, a heater element and a temperature-restricted 
element are mounted on the substrate. Heat conduction from the 
heater element to the temperature-restricted element can be 
restricted by a hollow member provided in the seat member of the 
lead frame. 

BACKGROUND OF THE INVENTION 
Elements mounted on a substrate of a composite 
integrated circuit (IC) device include a heater element, such as 
a resistor, which heats under a load of high electric current, 
and a temperature-restricted element, such as a semiconductor, 
which has restriction on operating temperature. Heat generated 
from the heater element adversely affects the temperature- 
restricted element. Therefore, in a composite IC device, a 
dissipating member is attached to the temperature-restricted 
element for enhancing heat dissipation, or the heat element and 



temperature-restricted element are respectively mounted on 
separated substrates. 

Recent downsizing requirement causes a composite IC 
device to include a heater element and a temperature-restricted 
element on its single substrate. For instance, for downsizing an 
electronic control unit (ECU) as a vehicular composite IC 
device, a circuit driving a motor or lamps is included in the 
single circuit of the ECU. FlGs. 9A to 9C show an instance of an 
ECU of this vehicular composite IC device 100 whose substrate 
includes a lamp driving circuit. FIG. 9A shows a schematic 
diagram of an electric circuit. FIG. 9B shows a top view of the 
composite IC device 100 f while FIG. 9C shows a sectional view 
taken along line 9C - 9C. 

A lamp driving circuit within the ECU 100 is surrounded 
by a dashed line in FIG. 9B and constructed of a power 
transistor 51 and a resistor 41. Within the ECU 100, a control 
circuit (not shown) including a logic IC or memory IC is 
contained. The lamp 91 is connected with a battery 92 outside 
the ECU 100 and also with the power transistor 51 via the 
resistor 41. An electric current flowing through the power 
transistor 51 is controlled by a signal from the control circuit 
for driving the lamp 91. 

The power transistor 51 and the resistor 41, both of 
which a large electric current flows through, heat up during the 
operating, so that they are categorized as heater elements. A 
typical permissible temperature of the resistor 41 is 300 to 500 
°C and has a margin against an operating temperature. The 



resistor 41 is thereby not categorized as a temperature-resisted 
element. By contrast, the power transistor 51 of a semiconductor 
has a permissible temperature of less than 150 °C to be thereby 
categorized as a temperature-restricted element. Furthermore, a 
5 semiconductor of a logic IC or memory IC is categorized not as a 
heater element, but as a temperature-restricted element. 

In the composite IC device 100 shown in FIG. 9B, the 
resistor 41 as a representative of a heater element and the 
power transistor 51 as a representative of a temperature- 

10 restricted element are mounted on a single alumina (A1 2 0 3 ) 
substrate 3. The lamp driving circuit shown in FIG. 9A is thus 
formed on the single alumina substrate 3. 

The alumina substrate 3 having the heat element 41 and 
the temperature-restricted element 51 is attached, with an 

15 adhesive, on a seat member 2a of a lead frame 2 made of copper. 

Each pad 3 0 formed on the alumina substrate 3 and each lead pin 
2b of the lead frame 2 are connected with each other by a 
bonding wire 6. Entire structure including the alumina substrate 
3, the seat member 2a , and the wires 6 is molded and sealed with 

20 a mold resin 1 along with lead pins 2b being projecting, as 
shown in dashed lines of FIGs. 9B, 9C. 

In this structure, heat generated from the heat element 
41 is conducted to heat the temperature-restricted element 51, 
so that the temperature-restricted element 51 is apt to incur an 

25 operational defect. Consequently, as a countermeasure, applied 
voltage is restricted to suppress heat generation of the heater 
element 41, so that heat is inhibited from being conducted to 



the temperature-restricted element 51. However, since the 
applied voltage is restricted, electric current cannot be 
sufficiently supplied to the heater element 41. 

As another countermeasure, the alumina substrate 3 is 
enlarged for dissipating heat so that heat conduction to the 
temperature-restricted element 51 can be suppressed. However, 
this countermeasure is against requirement of downsizing and the 
composite IC device 100 undesirably becomes larger. Furthermore, 
dissipating fins can be provided on the alumina substrate 3 to 
enhance dissipation ability and suppress heat from being 
conducted to the temperature-restricted element 51. However, 
this results in increasing manufacturing cost of the composite 
IC device 100. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
composite IC device that acquires sufficient permissible 
electric current along with being compact and low-cost. 

To achieve the above object, a composite integrated 
circuit device is provided with the following. The composite 
integrated circuit device includes a lead frame and a substrate 
where a heat element and a temperature-restricted element are 
mounted. The substrate is attached with an adhesive over a top 
surface of a seat member of the lead frame. The lead frame and 
the substrate are molded with a mold resin- The seat member of 
the lead frame includes a hollow member. The hollow member is 
formed in such a region that corresponds to apportion of an 



intermediate area that is located between the heater element and 
the temperature-restricted element. This structure can restrict 
heat conduction from the heater element to the temperature- 
restricted element. This enables the composite integrated 
circuit device to have a sufficient permissible electric current 
with being compact and low-cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features, and advantages of 

the present invention will become more apparent from the 

following detailed description made with reference to the 

accompanying drawings. In the drawings: 

FIG. 1A is a schematic top view of a composite IC device 

according to a first embodiment of the present invention; 

FIG. IB is a sectional view taken along line IB - IB of 

FIG. 1; 

FIG. IC is an enlarged view of an encircled portion 1C 
of FIG. IB; 

FIG. ID is a schematic bottom view of the composite IC 
device according to the first embodiment; 

FIGs. 2A to 2C are top views showing manufacturing 
method of the composite IC device; 

FIGs . 3A to 3C are top views showing manufacturing 
method of the composite IC device; 

FIG. 4 is a schematic bottom view of a composite IC 
device according to a second embodiment of the present 
invention; 



FIG. 5 is a schematic bottom view of a composite IC 
device according to a third embodiment of the present invention; 

FIGs. 6A to 6B are schematic bottom views of composite 
IC devices according to a fourth embodiment of the present 
5 invention; 

FIGs. 7A to 7B are schematic sectional views of 
composite IC devices according to a fifth embodiment of the 
present invention ; 

FIG. 8 is a schematic sectional view of a composite IC 
10 device according to a sixth embodiment of the present invention; 

FIG. 9A is a schematic electric circuit diagram of a 
related art; 

FIG. 9B is a schematic top view of a composite IC device 
of the related art; and 
15 FIG. 9C is a sectional view taken along line 9C - 9C of 

FIG. 9B. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First embodiment ) 

20 A composite integrated circuit (IC) device 101 as an 

embodiment of the present invention is shown in FIGs. 1A to ID. 
The composite IC device 101 has a resistor 41 as an instance of 
a heater element and a power transistor 51 as an instance of a 
temperature-restricted element on an alumina substrate 3 . The 

25 alumina substrate 3 is attached with an adhesive 7 on a seat 
member 2a of a lead frame 2. The alumina substrate 3 including 
the heater element 41 and the temperature-restricted element 51 , 

6 



and the seat member 2a are entirely molded with a mold resin 1 
to be sealed. 

The composite IC device 101 of the embodiment includes a 
hollow member 20 in the seat member 2a of the lead frame 2. In 
5 this point, the composite IC device 100 of the related art shown 
in FIGs. 9B, 9C is different from the composite IC device 101 of 
this embodiment . 

There is a large difference in a coefficient of heat 
conductivity between an insulating material constituting a 

10 substrate and a metal material constituting a lead frame. For 
instance, a coefficient of heat conductivity of the alumina 
substrate 3 is 0.03 W/mmK, while that of the seat member 2a 
formed of copper is 0.4 03 W/mm*K. A coefficient of heat 
conductivity of the mold resin 1 is even smaller, 0.001 W/mmK. 

15 This means that the coefficient of the heat conductivity of the 
seat member 2a is more than ten times as large as that of the 
alumina substrate 3. This indicates that, in the composite IC 
device 100 of the related art, heat generated from the heat 
element 41 is conducted mostly through the seat member 2a to the 

20 temperature-restricted element 51. 

By contrast, in this embodiment, the seat member 2a has 
the hollow member 20. The hollow member 20 is formed in a 
portion of the seat member 2a, the portion of the seat member 2a 
which is located not only right under a bottom of the heat 

25 element 41, but also under a region surrounding the bottom of 
the heat element 41. This enables the hollow member 20 to 
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restrict heat conduction from the heat element 41 to a 
peripheral region and to the temperature-restricted element 51. 
The temperature-restricted element 51 is thereby inhibited from 
being heated, with remaining under permissible temperature. This 
5 results in eliminating necessity of restriction of entire 
applied electric power, and acquiring sufficient total 
permissible electric current or power in the composite IC device 
101 of this embodiment. 

Furthermore, heat problem between the heater element 41 

10 and the temperature-restricted element 51 can be solved without 
enlargement of the alumina substrate 3 and addition of any heat 
dissipating component. This leads to realizing a compact and 
low-cost composite IC device 101. 

Here, the hollow member 20 is under the region 

15 surrounding the bottom of the heater element 41 to restrict the 
heat conduction from the heater element 41. This leads to 
increasing temperature of the heater element 41 in comparison to 
a case where no hollow member is provided in the seat member 2a. 
A permissible temperature of the heater element 41 can be 

20 thereby designed at a higher temperature. This embodiment is 
suitable for a composite IC device having a heater element 41 
with a sufficiently high permissible temperature. 

A manufacturing method of the above-mentioned composite 
IC device 101 will be explained with reference to FIGs. 2A to 

25 2C, and 3A to 3C. 

An alumina substrate 3 shown in FIG. 2A includes wiring 
patterns such as pads 30, a resistor 41, and a power transistor 



51 on it. A lead frame 2 is, through cutting of press work, 
formed of a seat member 2a , lead pins 2b , seat holding members 
2c , lead-pin holding members 2d, a frame 2e, and a hollow member 
20 as shown in FIG. 2B. 
5 The alumina substrate 3 is attached with an adhesive 

over the seat member 2a of the lead frame 2. The pads 30 formed 
on the substrate 3 and the lead pins 2b are connected with 
bonding wires 6 as shown in FIG. 2C. 

An entire portion, encircled in a dashed line in FIG. 

10 3A, including the seat member 2a, the substrate 3, and wires 6 
are molded and sealed with a mold resin 1. 

Finally, as shown in FIG. 3B, cutting the lead pins 2b, 
the lead-pin holding members 2d, and the seat holding members 2c 
leads to completion of the composite IC device 101. FIG. 3C 

15 shows a residue of the frame 2e posterior to completion of 
cutting. In detail, although a portion of the departed seat 
holing members 2c remains in connection with the seat member 2a, 
the portion is not shown in FIG. 3B for FIG. 3B to be 
simplified. 

20 The composite IC device 101 of this embodiment 

additionally includes the hollow member 20 in the seat member 2a 
in comparison to the composite IC device 100 of the related art. 
This hollow member 20 is formed by changing a press die of the 
press work shown in FIG. 2B. The manufacturing method shown in 

25 FIGs. 2A to 2C, 3A to 3C is the same as that of the related art 
composite IC device 100. Furthermore, a manufacturing cost 
remains the same as that of the related art. 



(Second embodiment) 
In the first embodiment, the composite IC device 101 has 
the seat member 2a including the hollow member 2 0 formed in the 
portion that is located not only right under the bottom of the 
heat element 41, but also under the region surrounding the 
bottom of the heat element 41. In a second embodiment, a 
composite IC device 102 has a seat member 2a differently 
including a hollow member. As shown in FIG. 4, a hollow member 
21 is formed in a portion that is located under a bottom of a 
temperature-restricted element 51 and a region surrounding the 
bottom of the temperature-restricted element 51. 

In the first embodiment, the hollow member 20 is under 
the region that surrounds the bottom of the heater element 41 to 
restrict heat conduction from the heat element 41 to a 
peripheral region. However, in the second embodiment, the hollow 
member 21 is under the region that surrounds the temperature- 
restricted element 51 to restrict heat conduction flowing into 
the temperature-restricted element 51 from a peripheral region. 
This also results in restricting conduction of the heat 
generated from the heater element 41 to be conducted to the 
temperature-restricted element 51. 

The first embodiment is suitable for a composite IC 
device having a heater element 41 with a sufficiently high 
permissible temperature. By contrast, in the second embodiment, 
the presence of the seat member 2a right under the heater 
element 41 can dissipate the heat from itself to the peripheral 
region. This means that the second embodiment is suitable for a 



composite IC device having a heater element 41 with less margin 
with respect to temperature increase. Furthermore, forming the 
hollow member 21 under the region surrounding the bottom of the 
temperature-restricted element 51 restricts heat conduction to a 
5 peripheral region. This means that the second embodiment is 
suitable for a composite IC device having a temperature- 
restricted element 51 that generates less heat. 
(Third embodiment) 

In the first embodiment, the composite IC device 101 has 

10 the seat member 2a including the hollow member 2 0 formed in the 
portion that is located not only right under the bottom of the 
heat element 41, but also under the region surrounding the 
bottom of the heat element 41. In a third embodiment, a 
composite IC device 103 has a seat member 2a differently 

15 including a hollow member. As shown in FIG. 5, a hollow member 
22 is formed in a portion of the seat member 2a that is located 
only under a region surrounding the bottom of the heater element 
41, without being formed right under the bottom of the heater 
element 41. Namely, a land seat 22a as a portion of the seat 

20 member 2a is present right under the bottom of the heater 
element 41. The land seat 22a is connected with a main body of 
the seat member 2a through land holding members 22b, while the 
hollow member 22 is provided in the seat member 2a to be under 
the region that surrounds the bottom of the heater element 41. 

25 Similarly with the first embodiment, the hollow member 

22 restricts heat conduction from the heat element 41 to a 
peripheral region. In addition, the presence of the land seat 



22a can enable controlling a direction and an amount of heat 
conduction. Heat generated from the heater element 41 is 
conducted to the land seat 22a and then to the peripheral region 
with passing through the land holding members 22b. Designing of 
layout and width of the land holding members 22b can lead to 
controlling the direction and amount of heat conduction from the 
heater element 41. Designing proper heat load balance can be 
thereby possible based on permissible temperatures and locations 
of the heater element 41 and temperature-restricted element 51 
on the substrate 3 . 

Furthermore, the hollow member 22 can be formed in a 
portion of the seat member 2a that is located under a region 
surrounding the bottom of the temperature-restricted element 51. 
Furthermore, the hollow member 22 can be formed in a portion of 
the seat member 2a that is located under a region surrounding 
not only the bottom of either heater element 41 or temperature- 
restricted element 51 but also an intermediate area between the 
bottom of the heater element 41 and the bottom of the 
temperature-restricted element 51. 
( Fourth embodiment ) 

In a fourth embodiment, a composite IC device 104 has a 
seat member 2a including a hollow member 23 formed under a 
portion within an intermediate area between a heater element 41 
and a temperature-restricted element 51 as shown in FIG. 6A. 

Forming this hollow member 23 can also restrict heat 
conduction from the heat element 41 to the temperature- 
restricted element 51. 

12 



As shown in FIG. 6B, a seat member 2a of a composite IC 
device 105 can be formed of a heating land 24a and a 
temperature-restricted land 24b, both of which are thoroughly 
separated with the hollow member 24. This structure can restrict 
heat conduction from the heat element 41 to the temperature- 
restricted element 51 , more effectively than the structure shown 
in FIG. 6A. Here, .the heating land 24a and the temperature- 
restricted land 24b are thoroughly separated with the hollow 
member 24. However, during the manufacturing in this embodiment, 
a substrate 3 can be attached to a lead frame 2 similarly during 
the manufacturing of the preceding embodiments, as shown in FIG. 
2C. 

(Fifth embodiment) 

In the preceding embodiments, the composite IC devices 
have the hollow members that are formed through cutting of the 
press work. In a fifth embodiment, a composite IC device 106 has 
a hollow member 2 5 that is formed as a concave portion within a 
seat member 2a with press work, as shown in FIGs. 7A, 7B that 
correspond to FIG. IC of the first embodiment. 

FIG. 7A shows a structure where the concave portion of 
the hollow member 25 is fully filled with an adhesive 7, while 
FIG. 7B shows a structure where the concave portion remains 
without being filled with the adhesive 7. 

The hollow member 25 is filled with the adhesive 7, 
while the hollow member 2 0 of the first embodiment is molded and 
filled with the mold resin 1 having a low coefficient of heat 
conductivity. Here, the coefficient of heat conductivity of the 

13 



adhesive 7 is desirably less than 0.001 W/mm-K. Adjustment of a 
depth of the concave portion can lead to controlling heat 
conduction from the heater element 41 to the temperature- 
restricted element 51. The hollow member 25 can be filled with 
5 no adhesive 7 as shown in FIG. 7B.as needed. 

The concave portion of the hollow member 25 can be 
formed using the same press work for the lead frame 2 shown in 
FIG. 2B, only through partially changing a press die of the 
press work, simultaneously with cutting out other portions. This 
10 enables no increase in the manufacturing cost. In addition, a 
residue of an adhesive 7 can be stored in the concave portion of 
the hollow member 25 when the substrate 3 is attached to the 
seat member 2a. This makes it easy to control the manufacturing. 
( S ixt h embodiment ) 

15 In the preceding embodiments, a seat member constituting 

a lead frame and other constituting members such as a lead pin 
have the same thickness, and all of a substrate including 
elements and a seat member is entirely molded with a mold resin 
to form a composite IC device. In a sixth embodiment, a seat 

20 member is thicker than any other constituting members of the 
lead frame. In addition, a substrate and a seat member are 
molded with a mold resin, with a bottom surface of the seat 
member being externally exposed without the mold resin. Here, 
the bottom surface is opposite to a top surface where the 

25 substrate is attached. 

In detail, as shown in FIG. 8, in a composite IC device 
108, a seat member 2'a of a lead frame 2' is thicker than lead 



pins 2'b. A bottom surface of the seat member 2' a that is 
opposite to a top surface where the substrate 3 is attached is 
exposed without a mold resin 1. Thick forming of the seat member 
2' a enables using the seat member 2' a as a heatsink, which 
5 results in restricting increase of temperature of a temperature- 
restricted element 51 or externally dissipating heat generated 
from a heater element 41. 

The hollow member 2 6 of this embodiment shown in FIG. 8 
is formed as a concave portion. However, the hollow member 2 6 

10 can be formed as a cut portion thoroughly penetrating the seat 
member 2* a. Although the hollow member 26 is formed as being 
under the bottom of the heater element 41, it can be formed as 
being under the bottom of the temperature-restricted element 51. 
Likewise in the preceding embodiments, the presence of the 

15 hollow member 2 6 enables controlling heat conduction from the 
heater element 41 to the temperature-restricted element 51. 

The lead frame 2* having different thicknesses between 
the seat member 2' a and the lead pin 2'b is formed using the 
same press work shown in FIG. 2B, only by changing a press die 

20 of the press work. 

Since the thick seat member 2'a of the lead frame 2' can 
be used as the heatsink, it is suitable for a composite IC 
device having a heater element 41 generating a large heat amount 
or a temperature-restricted element 51 having severe temperature 

25 restriction. 

(Modification) 

In the first to sixth embodiments, resistors are 

15 



explained as instances of heater elements. However, an 
inductance can be also categorized as a heater element. Although 
the power transistors are explained as instances of temperature- 
restricted elements, they are also categorized as a heater 
5 element. A heater element in the present invention includes any 
element that thermally affects other surrounding elements due to 
generation of a large heat amount. 

In the first to sixth embodiments, power transistors 
are explained as instances of temperature-restricted elements. 

10 Operating temperature of the power transistor is increased due 
to self-heating, and has little margin with a permissible 
temperature. However, a temperature-restricted element is not 
limited to the power transistor. A memory IC or logic IC can be 
categorized as a temperature-restricted element. A temperature- 

15 restricted element in the present invention includes any element 
that is heated by heat conduction from a peripheral region to be 
restricted in its operation. 

In the preceding embodiments, the aluminum substrates 
are explained as instances of substrates. However, other ceramic 

20 substrate or a mold resin substrate such as a glass epoxy 
substrate can be used as a substrate in the embodiments. The 
present invention is suitable for any composite IC device where 
a heater element and a temperature-restricted element are 
mounted on a substrate that has a lower coefficient of heat 

25 conductivity than a metal material of a lead frame. 

It will be obvious to those skilled in the art that 
various changes may be made in the above-described embodiments 



of the present invention. However, the scope of the present 
invention should be determined by the following claims. 
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